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high-tension membranes (Bashkirov et al., 
2008; Roux et al., 2006). Thus, although 
dynamin is able to cut low-tension mem-
branes, increased tension will favor the 
reaction. As for the role of dynamin disas-
sembly, Bashkirov et al. present a math-
ematical model showing that the rapid 
release of curvature stress by depolymer-
ization of the dynamin coat could lead to 
membrane instability and spontaneous 
membrane breakage. But does this rule 
out that a conformational change in the 
dynamin structure is required? Not nec-
essarily. GTP hydrolysis in dynamin is 
favored by assembly as this helps to posi-
tion dynamin catalytic residues. However, 
GTP hydrolysis to GDP creates stress in 
the structure. This stress arises from the 
fact that the network of contacts between 
dynamin monomers is established before 
GTP hydrolysis and can delay the confor-
mational change of each monomer. When 
the stress is released by abrupt large-
scale conformational changes, it can be 
used for mechanical work. In the case of 
a short dynamin helix, this mechanical 
work could be sufficient to sever the mem-
brane. However, for very long dynamin 
helices, the conformational change would 
need to propagate along the polymer in 
a coordinated manner. This may result in 
two effects (Figure 1). First, friction could 
dissipate some of the mechanical work 
(Lenz et al. 2008), making long tubules 
less competent for fission. Second, dis-
tortion of the helix during this propagation 
could create mechanical stress within the 
dynamin helix and cause it to suddenly 
break and disassemble. These effects 
are consistent with the low fission effi-
ciency of long dynamin helices described 
by the two studies and could also provide 
an alternative explanation for Bashkirov 
et al.’s observation of complex changes 
in conductance when GTP is added to 
preassembled dynamin tubules.
In conclusion, the findings of the two 
new studies, together with previous theo-
ries of dynamin mechanism, suggest the 
intriguing hypothesis that fission could 
result from a fast two-stroke movement—
constriction and dissociation—of a short 
dynamin helix (Figure 1). Although long 
helices have been instrumental in struc-
tural studies of fission, their slow mechani-
cal relaxation upon GTP hydrolysis may 
be at the expense of fast membrane rear-
rangements. The studies of Bashkirov et 
al. and Pucadyil and Schmid highlight the 
need to take the length of dynamin helices 
into consideration when studying mem-
brane fission.
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Mutations in mitofusin 2 (MFN2), a dynamin-like GTPase required for mitochondrial fusion, cause 
the peripheral neuropathy Charcot-Marie-Tooth type 2A. In a recent report in Nature, de Brito and 
Scorrano (2008) demonstrate a new function of MFN2—tethering the endoplasmic reticulum and 
mitochondria to control the efficiency of mitochondrial uptake of Ca2+ ions.Close contacts between mitochondria 
and the endoplasmic reticulum (ER) are 
physiologically important for metabolite 
exchange and modulation of Ca2+ sig-
naling (Pizzo and Pozzan, 2007). Ca2+ 
ions are mainly stored in the ER but can be taken up by mitochondria after 
their release from the ER during cell 
signaling. It has been proposed that the 
efficiency of this process depends on 
zones of close proximity between the 
ER and the mitochondrial outer mem-Cell 135, Dbrane. However, the structural basis of 
these contacts has remained enigmatic. 
In a recent paper in Nature, de Brito and 
Scorrano (2008) report that the mito-
fusin MFN2 tethers ER membranes to 
mitochondria, thereby discovering an ecember 26, 2008 ©2008 Elsevier Inc. 1165
unexpected link between mitochondrial 
morphology and ER-mitochondria inter-
actions.
Mitochondria form a tubular, reticu-
lated network whose shape is controlled 
by opposing fusion and fission events. 
The mitofusins MFN1 and MFN2 are 
conserved, dynamin-like GTPases in 
the mitochondrial outer membrane that 
mediate mitochondrial fusion in concert 
with another GTPase, OPA1, in the inner 
membrane (Figure 1). Mutations in MFN2 
cause Charcot-Marie-Tooth (CMT) type 
2A, a peripheral neuropathy character-
ized by axonal degeneration (Züchner 
and Vance, 2006). Mitofusin complexes 
on adjacent mitochondrial membranes 
act as membrane tethers prior to fusion 
and form dimeric, antiparallel coiled-
coil structures in trans. The activity of 
mitofusins in membrane fusion is over-
lapping, and both homo- and heterooli-
gomeric mitofusin complexes are active 
(Detmer and Chan, 2007). Accordingly, 
fragmented mitochondria accumulate in 
mouse embryonic fibroblasts deficient 
in either MFN1 or MFN2, and overex-
pression of either one of the mitofusins 
restores mitochondrial tubules (Detmer 
and Chan, 2007). These findings led to 
the general view that the relative expres-
sion of MFN1 and MFN2 protein deter-
mines whether the loss of one mitofusin 
gene impairs mitochondrial membrane 
fusion. This could explain why murine 
Purkinje cells expressing MFN1 at low 
levels are particularly sensitive for the 
loss of MFN2 leading to neurodegenera-
tion in the cerebellum (Chen et al., 2007). 
Similarly, cell-type-specific differences 
in the relative expression of MFN1 and 
MFN2 may cause embryonic lethality 
of mice lacking MFN1, whereas MFN2-
deficient embryos develop normally but 
die of placental defects. However, puri-
fied rat MFN1 and MFN2 exert different 
GTPase activities, and OPA1 in the inner 
membrane requires MFN1 but not MFN2 
to mediate fusion. It is therefore conceiv-
able that distinct functions of mitofusins 
rather than differences in expression 
levels must be considered in order to 
explain cell-type-specific axonal degen-
eration in CMT2A.
This view is supported by the new report 
of de Brito and Scorrano demonstrating 
striking defects in ER morphology in cells 
lacking MFN2 but not in cells lacking MFN1 1166 Cell 135, December 26, 2008 ©2008 E(de Brito and Scorrano, 2008). The enrich-
ment of MFN2 in the mitochondria-asso-
ciated membrane and a ~40% reduction 
in the ER-mitochondria interface in MFN2-
deficient cells suggested a role of MFN2 
for organellar tethering. How does a mito-
chondrial outer membrane protein affect 
ER shape and positioning? To address 
this question, de Brito and Scorrano gen-
erated MFN2 variants that exclusively tar-
get to the ER or the mitochondrial outer 
membrane and examined in an elegant 
series of experiments their ability to com-
plement ER and mitochondrial defects in 
cells lacking MFN2. Strikingly, expression 
of ER-targeted MFN2 restored the inter-
connected ER network but not mitochon-
drial morphology in MFN2-deficient cells, 
whereas MFN2 targeted to the mitochon-
dria complemented only the mitochondrial 
defect. Evidence that endogenous MFN2 
is required in the ER was obtained by 
monitoring ER-mitochondria tethering in 
a reconstituted assay system in vitro. The 
activity of ER-targeted MFN2 depended 
on the presence of MFN1 or MFN2 at the 
mitochondrial surface, suggesting the 
formation of hetero- or homotypic MFN2 
complexes in trans between ER and the 
mitochondrial outer membrane (Figure 1). 
These unexpected findings raise ques-
tions about the sorting mechanism ensur-
ing a dual localization of MFN2 and point 
to additional regulatory steps preventing 
fusion of ER and mitochondrial membranes 
after tethering, which will certainly stimu-
late future studies. Regardless, a tethering 
function of MFN2 is in perfect agreement 
with electron tomographic studies visu-
alizing proteinaceous bridges between 
the two organelles (Csordás et al., 2006). 
Interestingly the observed length of these 
bridges, ~10 nm, fits the dimensions of 
mitofusin coiled-coils. It should be noted, 
however, that other proteins contribute to 
tethering as about half of ER-mitochondria 
contact zones are still formed in mitofusin-
deficient cells. The multifunctional sorting 
protein PACS-2 (Simmen et al., 2005) or a 
previously described complex containing 
the inositol-1,4,5-triphosphate (IP3) recep-
tor are likely candidates (Szabadkai et al., 
2006).
The identification of MFN2 as mem-
brane tether enabled de Brito and Scor-
rano to examine directly the role of the 
ER-mitochondria juxtaposition for com-
munication between the two organelles 
during Ca2+ signaling. They observed 
that Ca2+ concentration is increased 
~2-fold in the ER of mouse embryonic 
fibroblasts lacking MFN2, a phenotype 
figure 1. mfn2 in mitochondrial fusion and in eR-mitochondria contacts
Homo- or heterotypic, dimeric MFN1 (yellow) and MFN2 (red) complexes in trans mediate mitochon-
drial tethering and fusion. A fraction of MFN2 present in the ER membrane assembles with MFN1 or 
MFN2 at the mitochondrial surface and tethers ER to mitochondria. ER-mitochondria juxtaposition 
is required for efficient Ca2+ uptake into mitochondria and may have important implications for cell 
signaling and mitochondrial movement.lsevier Inc.
that by itself warrants future studies. 
After IP3-triggered Ca
2+ release from 
the ER, the uptake of Ca2+ into MFN2-
deficient mitochondria was reduced 
markedly. These findings reveal a strik-
ing correlation between the number of 
ER-mitochondria contact zones and 
Ca2+ uptake into mitochondria and there-
fore provide direct evidence that a close 
apposition of both organelles is crucial 
during Ca2+ signaling. This may have 
important implications for mitochondrial 
movement, which varies in response 
to energy demand and other regula-
tory cues. Ca2+-binding proteins at the 
mitochondrial surface that mediate the 
attachment of motor proteins to mito-
chondria have been proposed to sense 
local Ca2+ oscillations (Pizzo and Pozzan, 
2007). In this way, impaired ER tethering 
due to mutations in MFN2 may result in 
mitochondrial transport deficiencies.
The dual activity of MFN2 unraveled by 
de Brito and Scorrano could therefore be 
of direct relevance to our understanding 
of the pathogenesis of CMT2A, which is 
characterized by altered axonal trans-
port of mitochondria (Baloh et al., 2007). 
A number of pathogenic MFN2 muta-
tions, especially those affecting resi-In eukaryotes, transcriptional activity of 
genes is often controlled by methylation 
of cytosines at CpG dinucleotides in their 
promoter regions. In general, densely 
dnA cytosine d
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Whether 5-methylcytosine (meC
subject of extensive study and a
demethylation can be accomplis
cytidine deaminase and a thymindues not conserved between MFN1 and 
MFN2, did not abolish the fusion activity 
of MFN2 but cause mitochondrial aggre-
gation when overexpressed (Detmer and 
Chan, 2007). The corresponding region 
in MFN2 including a Ras-binding domain 
is now demonstrated to be required to 
maintain a normal ER morphology in 
mouse embryonic fibroblasts (de Brito 
and Scorrano, 2008). However, the 
presence of ER membranes in axons 
is controversial, and it appears likely 
that they are restricted to dendrites (Ye 
et al., 2007). Juxtaposition between ER 
and mitochondria may therefore be of 
critical importance for the transport of 
mitochondria into dendrites, explaining 
the accumulation of fragmented mito-
chondria at zones of dendritic outgrowth 
in MFN2-deficient Purkinje cells (Chen 
et al., 2007). How then can deficien-
cies in axonal transport be explained? 
Perhaps some MFN2 mutations are 
gain-of-function mutations sequestering 
mitochondria to ER membranes. Clearly, 
further studies are required to resolve 
the pathogenesis of CMT2A caused by 
MFN2 mutations. The dual activity of 
MFN2 in mitochondrial fusion and ER 
tethering may point the way.Cell 135, De
methylated promoters are silenced, most 
likely through the binding of repressor pro-
teins, whereas unmethylated promoters 
are largely active. Methylation patterns can 
emethylation:  
 close?
ersity of Zurich
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) can be enzymatically removed fro
lso some controversy. Rai et al. 
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change during fertilization, development, 
differentiation (Suzuki and Bird, 2008), and 
transformation (Baylin and Bestor, 2002). 
Although this phenomenon has attracted 
m vertebrate DNA has been the 
(2008) now report that cytosine 
yo by the combined action of a 
